I. Introduction
Officially designated as "Orion", the Crew Exploration Vehicle (CEV) Crew Module was initially designed as a blunt body capsule with a diameter of 18.04 ft. This geometry was referred to as Cycle I. Iterations on the geometry resulted in Cycle II, with a diameter of 16.5 ft, truncation of the backshell length and a reduction of the aft backshell radius. The Cycle I geometry was used for this testing and is shown in Fig. 1 .
The Crew Exploration Vehicle (CEV) will ultimately be capable of transporting four crew members for lunar missions and later supporting crew transfers for Mars missions. In the near term, the CEV will be capable of transporting up to six crew members to and from the International Space Station. Despite the geometric simplicity of the basic Apollo-like capsule concept, many differences between CEV and Apollo remain. The CEV must be cost effective and certain elements of the spacecraft must be reusable. To accommodate a larger crew complement, the
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Crew Module will be larger; with a heat shield diameter approximately 30% larger than Apollo (16.5 ft vs. 12.8 ft).
To maintain a land based recovery option while meeting disposal requirements of the service module prior to entry, the hypersonic trim angle-of-attack of the CEV was initially targeted at 152 deg. The current heat shield design uses a Phenolic Impregnated Carbon Ablator (PICA) to protect the spacecraft during re-entry into earth's atmosphere as compared to Apollo's glass-phenolic ablative honeycomb heatshield. Similar to Apollo, pyrolysis/outgassing of the heat shield as it ablates during entry will occur. Boundary layer transition to turbulent flow is likely to be induced earlier in the trajectory as compared to a non-ablative heat shield and significant material recession is anticipated.
The thermal protection system (TPS) community has taken a conservative approach and is currently designing the heat shield for fully turbulent flow from entry interface along the entire trajectory. Recent work indicates that the initial Cycle I geometry and trim angle of attack may not be applicable, but because these initial experimental studies were designed for computational fluid dynamics (CFD) code validation, the data collected on the Cycle I geometry at 152 deg are still valuable (the OML and flight angle of attack are shown in Fig. 1b) . A boundary layer trip strategy was developed in the event that fully developed turbulent heating could not be achieved naturally. Limited measurements on the CEV backshell were made to assess potential model support system interference on surface heating and to determine the response of the phosphor measurement technique in regions of low surface temperature.
The primary objective of the test entries into the LaRC 31-Inch Mach 10 Tunnel was to characterize the phosphor temperature response in a facility with a higher temperature driver potential (and potentially higher signalto-noise ratio and correspondingly lower measurement uncertainties than the Mach 6 facility). Measurements similar to those obtained in the Mach 6 tunnel were obtained to assess support system interference as well as the viability of testing the backshell surfaces in either facility. Heating levels in the higher temperature facility were desired for The 5 and 7-in. cast ceramic models used in the Mach 6 and 10 test series were manufactured from molds created from rapid prototyped resin patterns. Standard methods, materials and equipment developed at LaRC were used in fabricating the ceramic aeroheating test models 1 . Due to the symmetry of the CEV capsule models, casting molds were created directly from the resin patterns bypassing the wax pattern requirement. This step is note worthy as in general it has been determined that shrinkage in the wax patterns introduce the largest uncertainty in the final ceramic OML. Specific model dimensions are shown in Table 1 . All models were supported by a cylindrical sting and one of two base mounting techniques: (1) a straight sting mounted through the axis of symmetry and (2) a sting aligned 28 deg from the axis of symmetry in order to place the sting in the shadow of the flow (both shown in Fig 1) .
Fiducial marks were applied to the model surface using a coordinate measuring machine. The reference marks on the model surface were used to align the model in the tunnel and to aid heat data reduction.
The 5-in. models were mounted with both of the support hardware configurations. This procedure allowed for testing and imaging of the windward afterbody largely mitigating the influence of the support hardware. All 7-in. 
(c) Forebody 
B. Facility
The data included in this article were obtained in the NASA Langley Aerothermodynamics Laboratory (LAL).
Both the 20-Inch Mach 6 Air Tunnel and 31-Inch Mach 10 Air Tunnel have well characterized perfect gas flows in terms of composition and uniformity. Nominal test conditions for the two facilities are shown in Table 2 . Flow conditions were acquired using a 16-bit analog-to-digital facility acquisition system. The values of Pt,1 and Tt,1 are believed to be accurate to within ±2%. The uncertainties in the angle of attack of the model are believed to be ±0.2º. American Institute of Aeronautics and Astronautics 
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C. Experimental Methods
Global Phosphor Thermography: The two-color relative-intensity phosphor thermography measurement 
D. Data Presentation
Global heating images and the corresponding centerline data cuts will be presented in the x/D or x/L format for the forebody or afterbody respectively (see Fig 2) . All heating data will be provided in the non-dimensionalized 
III. Test Results
Six separate test entries were completed in two tunnel facilities over a 6 month period. The purpose of these test entries was to assess the viability of aerothermal testing in the facilities and to generate a baseline set of heating data
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B. Laminar and Turbulent Heating Augmentation Levels
Only a few runs focusing on forebody heating were completed in the Mach 10 Tunnel. Model support system constraints associated with the side injection system of the 
D. Windward Afterbody Support Hardware Comparisons
An objective of the wind tunnel testing was to obtain information on the heating environment on the backshell in order to assess support hardware interference, compare with CFD results and obtain backshell heating levels. Two separate support hardware configurations were tested with the 5-in. diameter models in order to determine the influences on the afterbody heating associated with the sting placement. On the windward afterbody surface, it was expected that if there was influence, the 28-deg sting would exhibit less influence as it would be completely shadowed within the wake flow when the model was pitched to the trim angle of attack of 152 deg.
A range of Reynolds numbers were run in the Mach 6 facility and it was found that there was insufficient temperature rise (less than 5-10 deg) on the afterbody surface at the lower Reynolds numbers (Re = 2.1x10 6/ft and 4.1x106/ft) to obtain useful data. Figure 16 shows that at the higher Reynolds numbers there was a sufficiently high signal-to-noise ratio to obtain data. The two support hardware configurations exhibited the same heating levels, meaning that there was no influence on the windward afterbody heating levels from the support hardware configuration.
Testing the afterbody in the Mach 10 tunnel was desirable due to the higher tunnel temperature, and thus higher driving potential for implementing the thermographic phosphor system. Both of the sting configurations were tested and just as in the Mach 6 tunnel, there was no significant difference in heating observed based on support hardware configuration. Both the configurations were tested at different Reynolds numbers and did not show an influence due to Reynolds number or support hardware configuration (shown in Fig 17) . Similar conclusions can be made based on the computational results. It should be noted that the cause of the disagreement between experimental data and computational predictions near the shoulder of the model has not been identified. It is suspected that it may be the result of fabrication issues associated with the geometry of the corner (shown in Fig. 1c and associated with x/L=0 in the data). The computational model incorporates a sharp corner and the experimental model may not be exactly the same in that region. Over the remainder of the afterbody surface, computational predictions seem to match well with the experimental results. and Mach 10 tunnels, respectively. Boundary layer trips were necessary to ensure that the heating on the forebody in the Mach 6 facility was fully turbulent.
The experimental heating data collected with the phosphor thermography system were compared to computational predictions made with LAURA. On the forebody, heating rates at the two higher Reynolds number conditions match the predictions within 7% for the Mach 6 tunnel. While both facilities were able to obtain afterbody heating data, the Mach 10 tunnel was more suited for the task as the noise levels for the data were lower.
With the exception of the shoulder region near x/L=0, the experimental data compares well with the computational predictions. Both of the model scales that were tested in this series (2.2% and 3.2%) showed no signs of tunnel flow blockage and are allowable for testing. There were no measurable effects of the support hardware configuration (straight sting or an offset sting) on the forebody or windside afterbody heating.
